Clinical, radiographic, and scintigraphic abnormalities of the knee joint have been correlated in a cross sectional study of 100 patients with osteoarthritis. The group comprised 73 women and 27 men with a mean age of 65.7 years. One hundred and ninety one of the 200 knees had clinical (175) or radiographic (185) evidence ofosteoarthritis, or both (161). Scintigraphic images of the knees were obtained 4-5 minutes (early phase) and 2.5-3.5 hours (late phase) after intravenous injection of 600 mBq of technetium-99m diphosphonate. Abnormal images were recorded in 162 knees (81%), and six different patterns were detected. Generalised isotope retention around the knee (early or late phase) was less common than focal areas of uptake around the joint margin (early or late phase) or in the patella or subchondral bone (late phase). Some knees with abnormal scans were normal on radiography (n=7), or vice versa (n=21). Different scan patterns correlated with different clinical and radiographic features: the generalised pattern correlated with pain (odds ratio (OR)=45.1) and osteophytes (OR=48-3); joint line retention correlated with subchondral bone sclerosis on radiography (OR=62-1); and subchondral bone retention correlated with more severe radiographic changes. It is concluded that different patterns of scintigraphic abnormality reflect various aspects of the disease process of osteoarthritis.
Osteoarthritis of the knee joint is one of the most common rheumatic diseases in the community with an estimated prevalence of 2 4% in adult men and 3-0% in women. ' 2 It is a heterogeneous disease with a variable outcome,3 4 but relatively little is known about the processes taking place.5 Current means of assessment are limited to crude measures of outcome such as pain, functional impairment, and the extent of anatomical changes seen on a radiograph. There are no established methods of assessing the disease process.
Technetium labelled diphosphonates are widely used as bone scanning agents to detect areas of increased bone activity. 6 They often localise around osteoarthritic joints. 7 " It has been suggested that these agents are taken up by areas of active subchondral bone change in osteoarthritis as well as in areas of synovitis,9 10 thus providing a potential means of assessing two important aspects of the disease. Previous investigations of osteoarthritis of the hand have shown that the bone scan can be abnormal in the absence of radiographic changes and that an abnormal scan is a predictor of subsequent radiological change." 12 Osteoarthritic finger joints are too small to allow easy analysis of uptake in different areas of the joint and scans can only be graded as normal or abnormal.
Patients and methods Local ethical committee approval was obtained for the study. One hundred patients over the age of 40 years were investigated. The subjects were recruited from a hospital based rheumatology clinic. All those thought to have osteoarthritis of one or both knees as their main rheumatological problem were referred to a special study clinic where they were reviewed by one of the authors (FM 
Results
The 100 patients consisted of 73 women and 27 men with a mean age of 65-7 years and a mean duration of knee pain of 9 1 years. Seventeen subjects had a history of major trauma or previous surgery in the worst affected knee indicative of 'secondary' osteoarthritis. The remainder were classified as having 'primary' osteoarthritis; 92% of this group had symptoms in joint sites other than the knee and 65% were overweight or obese (index body mass >25). Sixty five were receiving analgesic or antiinflammatory drugs for their knee symptoms at the time of assessment and 46 patients were using walking aids (one stick in 34 patients). Table 1 gives the symptoms and signs for each knee (n=200). Twelve patients were free of pain at the time of the study, 19 had unilateral knee symptoms, and 69 had bilateral Crepitus and swelling were present in most, 63 had a deformity, and 47 were unstable. Joint tenderness was more common on the medial side of the joint (91 knees) than on the lateral side (41 knees). The mean (SD) haemoglobin concentration in the group was 135 (16-2) g/l, the mean plasma viscosity 1 66 (normal < 1-72), and only four patients were seropositive for rheumatoid factor. On examination of the radiographs, 91 of the 100 patients were thought to have unequivocal evidence of knee osteoarthritis, unilateral in six and bilateral in 85 patients. Of the nine patients without definite radiographic evidence of osteoarthritis, four had no knee pain at the time of the study, the remaining five had knee pain on use and abnormal physical signs, including knee joint crepitus. Table 2 shows that joint space narrowing and osteophytosis were the most common radiographic signs, and the medial tibiofemoral compartments were the most common sites of osteoarthritis.
Some abnormality on scinitigraphy was present in 162 (8 1%) of the 200 knees examined. Review of the images obtained resulted in the recognition of two different patterns on the early phase and four different patterns on the late phase scan. These six patterns are illustrated in figs 1-6. Early phase images showed isotope Figure 5 Late phase image showing widespread uptake around thejoint, the 'generalised pattern', in addition to the extended pattern uptake in the medial compartment. 5 The outcome of osteoarthritis is variable and can include extensive changes in the anatomy of the joint, pain (particularly on joint use), and disability resulting from pain, loss of joint movement and stability, and other changes. The visible outcomes tend to appear and change slowly, with a time course of many years. '6 The combination of heterogeneity, slow change, and an absence of any way of measuring the disease processes makes it a difficult disease to investigate. '7 The work reported here used scintigraphy as a means of assessing the disease process.
The study group consisted of 100 patients from a hospital rheumatology clinic thought to have osteoarthritis of the knee. At the time of the study several had become asymptomatic and a small number had no clinical or radiological evidence of osteoarthritis in either knee. Most, however, had abnormalities of one, or more often both, knees. There are no satisfactory criteria for making a diagnosis of knee osteoarthritis,'8 though the combination of age, crepitus, swelling, and radiographic changes seen in most of our study group would clearly fulfil the controversial American Rheumatism Association criteria,'9 as well as other suggested criteria.20 21 Most had joint space narrowing and subchondral bone changes in symptomatic knees; these signs are generally regarded as the cardinal features of osteoarthritis.'8 22 It is unlikely that the group is representative of patients with osteoarthritis of the knee as it occurs in the community, but a wide range of disease severity was seen, and the age/sex distribution was sitnilar to that found in other studies of this disease.23 Our patients varied from those with the minimum evidence of osteoarthritis to a number with severe joint damage resulting in the need for drugs and walking aids. We felt it appropriate to study such a wide spectrum of disease to investigate the part played by scintigraphy and the relation of the scan to other features of osteoarthritis.
The radiographic findings in addition to the demographic and clinical data are in keeping with previous studies of osteoarthritis. Most patients were women with a high incidence of obesity and osteoarthritis at other joint sites indicative of typical primary osteoarthritis. 24 Pain on joint use, crepitus, swelling, and loss of movement are all common features of osteoarthritis of the knee,'9 and were the most common clinical findings in this study. The radiographs showed the expected dominance of the medial and patellofemoral compartment changes, lateral disease being much less common.8 The finding that osteophytosis without joint space narrowing is common in the lateral compartment when other compartments have evidence of cartilage damage is a new observation. It may indicate a reaction to abnormal stresses on the lateral compartment consequent on medial compartment disease. The other main conclusion from the clinical and radiographic analysis is related to the wide variation in severity and combination of changes seen in osteoarthritis of the knee; it is clearly a heterogenous disease. '7 It has been known for many years that bone scanning agents can localise to osteoarthritic joints.7 Experimental studies in animal models have shown that the isotope is taken up in areas of active subchondral bone and in growing osteophytes. 25 Previous work in human osteoarthritis has shown that the technique may be of predictive value in hand disease, 12 and that scintigraphy is a sensitive way of detecting disease at the knee joint.8 Different patterns of scan activity in osteoarthritis have not been described previously, however. This study clearly showed that a variety of different patterns of isotope uptake can be differentiated in osteoarthritis of the knee.
There was a reasonable correlation between the clinical and radiographic evidence of disease in one of the three different compartments of the knee, and the localisation of a scan abnormality. A In conclusion it appears that the different scintigraphic patterns observed may reflect the activity of different aspects of the osteoarthritic process. Prospective studies and further correlations between different biochemical, clinical, and imaging abnormalities are being undertaken to define this further.
